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(54) Elliptical d iff user. 

(57) A display screen of a projection system em- 
bodying a cathode ray tube, liquid crystal light 
valve, laser or the like is formed of a plastic 
sheet (22,22a) that has embedded therein a 
number of microsphere drffuser particles 
(24,24a) initially having a spherical shape and 
distributed in a uniformly isotropic density. The 
plastic sheet and its embedded particles are 
heated and stretched in a single direction and 
allowed to cool in their elongated form so that 
the drffuser particles (24a) then have an elon- 
gated elliptical shape and a density that is 
greater along one axis than it is along an ortho- 
gonal axis. The particle elongation and dec- 
reased density in the direction of stretch cause 
the diffusing sheet to have a diffusion cone 
angle (44), as measured in a plane containing 
the axis of stretch, that is significantly dec- 
reased, but with increased screen gain, whereas 
the diffusion angle (42) in the orthogonal un- 
stretched direction remains relatively large, and 
also has an increased screen gain. The dec- 
reased diffusion angle is oriented in a vertical 
direction in a common display because the 
viewer's eye, in looking at a display screen, is 
most commonly positioned within a relatively 
small vertical cone angle, although the horizon- 
tal angle of view may be considerably larger. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to improved diffus- 
er material, and more particularly concerns high effi- 
ciency diff user material that can be applied to optical 
systems requiring controlled diffusion. 

2. Description of Related Art 

The f u nction of the projection screen of an optical 
projection display system is to present a visible dis- 
play of imaging light that it receives, regardless of 
whether the light is produced by a cathode ray tube, 
a liquid crystal light valve, a laser, or other image 
source. The screen forms a visible image by diffusing 
and re-radiating light energy incident on the screen 
surface. The front projection screen includes a diffu- 
sion sheet com prising diffusion particles and a reflec- 
tive rear face so that light striking the front of the 
screen is reflected and passes through the diffusing 
particles twice. The rear projection screen also in- 
cludes a diffusion sheet carrying diffusion particles 
but receives light striking the rear of the screen, pass- 
es it through its diffusion particles only once, and 
transmits diffused light from its front face. 

Whether used in a front projection or rear projec- 
tion configuration, the screen has a major impact on 
image quality and viewabilrty, which may be defined 
as the zone in which the image is of acceptable lumi- 
nance. A high screen gain enhances viewability. 
Screen gain is the comparison of (a) the luminance of 
a projected image at various viewing angles, with (b) 
the luminance produced by a perfectly diffusing sur- 
face (e.g. a Lambertian surface). The ideal diffuser 
has a gain of unity, and produces the same luminance 
at all viewing angles, that is, it is non-directional. A 
Lambertian diffuser has the same luminance screen 
in all directions, which falls off as the cosine of view- 
ing angle. 

Projection systems employing such viewing 
screens are often made with highly directional 
screens to increase screen gain so as to produce suf- 
ficient luminance. However, because the screen itself 
cannot generate light, any increase in luminance at a 
particular viewing angle causes a decrease in lumi- 
nance at other viewing angles. Nevertheless, be- 
cause many systems are normally viewed only at a 
small viewing angle, or because a high gain small 
viewing angle is deemed to be worth a decreased il- 
lumination at large viewing angles, shaping of screen 
diffusion patterns may be desirable. 

To provide a diffusing screen with increased 
screen gain the diffused light pattern has been shap- 
ed to change it from its normally circular format to an 
elliptical pattern. However, prior beam shaping mate- 
rials and techniques are difficult and expensive to 



manufacture and use. For example, holographic dif- 
fuses have been employed having controllable mi- 
cro-variations in refractive index of a volume holo- 
gram to achieve adjusted refractive index variations 

5 and selected scattering patterns. These holographic 
devices are limited in size. 

Some front projection screens have been con- 
structed utilizing mathematically designed micro-mir- 
ror contoured reflecting surfaces to catch and return 

10 projected light directionally in a precisely focused 
manner. Again, these arrangements are difficult to 
manufacture and exceedingly expensive. 

Accordingly, it is an object of the present inven- 
tion to provide a screen having improved controlled 

15 diffusion characteristics while avoiding or minimizing 
above mentioned problems. 

SUMMARY OF THE INVENTION 

20 In carrying out principles of the present invention 
in accordance with a preferred embodiment thereof, 
a diffuser is formed of a transparent substrate that 
carries a plurality of diffuser particles either embed- 
ded in the substrate or applied to the surface. The dif- 

25 fuser particles are elliptical in shape and have a first 
substantially uniform density and alignment in a first f 

- direction and a second substantially uniform but . 
smaller density in a second angulated direction. Ac- 
< cording to a feature of the invention, a diffuser having ; 

30 a controlled asymmetry of diffusion is formed by pro-, 
viding a substrate having a plurality of diffusion par- ' 
tides which, in an initial condition of the substrate, are 
substantially spherical and uniformly dispersed 
throughout, stretching the substrate in a f indirection 

35 to elongate the spheres into an elliptical shape with a 
controlled alignment and to increase distances be- 
tween the particles in the first direction, and fixing the 
substrate in its stretched condition. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

FIG. 1 is a much simplified side elevational view 

of part of a projection system, illustrating vertical 

45 viewing angles; 

FIG. 2 is a schematic illustration of a sheet ma- 
terial, prior to processing, having spherical diffus- 
ing particles uniformly and isotropically distribut- 
ed over its surface; 

so FIG. 3 illustrates the material of FIG. 2 after it has 
been processed to change the shape and the uni- 
form isotropic distribution of its diffusing partic- 
les; 

FIG. 4 comprises a group of graphs illustrating 
55 variation of screen gain with viewing angle; 

FIG. 5 is a simplified pictorial illustration of one 
apparatus for stretching a sheet of diffusing ma- 
terial; 
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FIG. 6 and 7 are detailed illustrations of exem- 
plary clamps that may be employed with the ap- 
paratus of FIG. 5; 

FIG. 8 is a simplified schematic illustration of a 
flat panel display utilizing an elliptical diff user of 5 
the present invention as part of a rear light 
source; 

FIGS. 9a and 9b illustrate one method of joining 
two stretched elliptical diffuser panel sheets; 
and 10 
FIGS. 10a and 1 0b illustrate a second method of 
joining two stretched elliptical diffuser panel 
sheets. 

DESCRIPTION OF THE PREFERRED 15 
EMBODIMENTS 

FIG. 1 is a very much simplified illustration of 
parts of a projection system including an image pro- 
jector having a projection lens, generally indicated at 20 
10, which projects an image upon a rear projection 
screen, indicated at 12. Although a rear projection 
screen is employed, it will be readily understood, as 
the description proceeds, that principles of the pres- 
ent invention are equally applicable to both rear and 25 
front projection screen configurations: The projection. - 
screen 12, in previously known' 'configurations, is 
treated in any one of a number of standard techni- ; 
ques, as for example by applying a coating of diff u- 
sion particles such as glass or plastic beads on one 30 
surface thereof. This provides a uniform isotropic dif- 
fusion of I ight of the image that is produced by the pro- 
jector on the rear of the screen. The screen produces 
a circular diffusion pattern of light radiating from its 
front face 13. For many types of diff using screens the 35 
light is widely dispersed in a vertical cone angle , as 
indicated by dotted lines 14 for example, and in a sim- 
ilar horizontal cone angle (not shown in FIG. 1). Thus 
a person, indicated by eye 16, anywhere within the 
horizontal or vertical cone angle will be able to view 40 
the image on the screen. As the position of the view- 
ing eye approaches the limit of the cone angle, the lu- 
minescence of the screen decreases and, at extreme 
angles, the image viewed may be very dim. 

In normal viewing circumstances, viewing posi- 45 
tion may vary widely from side to side, that is, in a hor- 
izontal direction, and thus a relatively wide horizontal 
viewing angle is desired. However, in many projection 
systems, it is seldom, if ever, that a viewer would be 
positioned in a vertical direction on or beyond the 50 
boundaries of the much smaller vertical cone angle 
0 2 , indicated by dotted lines 1 8. In fact, a vertical view- 
ing angle of as little as 10° to 15° or less is adequate 
in many applications. For a circular diffusion pattern 
having relatively large vertical cone angle, then, much 55 
of the light transmitted by the screen is transmitted 
either above or below the eye of the user and is ef- 
fectively useless. For this reason, complex diffusion 



pattern controlling arrangements, such as holograph- 
ic devices, arrays of micro-mirrors and the like, have 
been used to provide an elliptical diffusion pattern, 
that is, a diffusion pattern having a relatively wide 
cone angle in a horizontal direction and a relatively 
narrow cone angle in a vertical direction. 

According to one aspect of the present invention 
a controlled, primarily elliptical diffusion pattern is in- 
expensively and easily provided in a diffusing screen 
by causing the diffusing particles to have an elongat- 
ed shape and be distributed through the screen with 
different densities in tow mutually orthogonal direc- 
tions. In accordance with one embodiment of the in- 
vention, a transparent polymeric light diffuser mate- 
rial, such as the sheet 20 illustrated in FIG. 2, includes 
a thin acrylic polymer matrix 22 containing a plurality 
of acrylic diffuser particles 24. One such material is 
a diffusion material sold under the trademark Plexi- 
glas L by Rohm and Haas Company of Bristol, Penn- 
sylvania. The material is basically formed as a sus- 
pension or emulsion of seven micron particles, e.g. 
microspheres, in a Plexiglas acrylic matrix and is 
available in varying thicknesses, including 0.5 milli- 
meters thickness and 3 millimeters thickness. The 
embedded particles have a generally spherical con- 
figuration. A thickness of 3 millimeters is preferred for 

; , the practice of the present invention. The commercial- 
ly available diffuser material illustrated in FIG. 2 is 

, -■- modified according to principles of the present inven- 
tion to provide a matrix 22a that is elongated (stretch- 
ed) in a vertical direction, as is illustrated by the 
stretch axis 30 in FIG. 3. Particles 24a of the stretch- 
ed material 22a still have substantially the same hor- 
izontal particle spacing has the spacing of the original 
material in its natural state, as shown in FIG. 2. How- 
ever, the vertical spacing d, which is shown in FIG. 2 
and which, in the natural state material, is equal to the 
horizontal spacing, now has been increased to the 
distance 6, in the uniformly vertically elongated ma- 
terial of FIG. 3. Distance d 1 is substantially equal to 
2d. This stretching process reduces the sheet thick- 
ness to about one half the original thickness and elon- 
gates the spherical particles to an elliptical shape as 
shown in FIG. 3. The stretched elliptically shaped par- 
ticles act as an anamorphous lens. 

To stretch the material it is clamped in a fixture, 
when it is in the configuration illustrated in FIG. 2, 
placed in an oven and heated to about 320°F. While 
heated, the material is stretched in the vertical direc- 
tion to effectively double its vertical length and elon- 
gate the embedded particles. The elongated material, 
still under tension, and still clamped and stretched, is 
removed from the oven and allowed to cool. When 
cool the material sets and retains its stretched elon- 
gated shape in which the diffusion particles 24a re- 
main in the dispersion pattern and particle shape il- 
lustrated in FIG. 3 and described above. This is a pat- 
tern having a considerably lower particle density in a 
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vertical direction than in the horizontal direction, and 
wherein the embedded particles are vertically elon- 
gated. 

Illustrated in FIG. 4 are graphs illustrating screen 
gain as plotted against viewing angle. The diffusion s 
pattern of the standard material (before stretching) of 
FIG. 4 is a circular cone, with the same diffusion in 
horizontal and vertical axis. Processes of the present 
invention modify only this diffusion pattern. Curve 40 
illustrates the screen gain of a diffuser screen em- 10 
ploying unmodified and unstretched Plexiglas L dif- 
fuser material. This is the commercially available ma- 
terial of FIG. 2. Curve 40 shows the screen to have a 
maximum gain of +3 on the screen axis (e.g. at 0° 
viewing angle) and a half angle of 25°, that is, a gain 15 
of half the maximum at a viewing angle of 25°, relative 
to the screen axis. The screen gain, as shown by 
curve 40, for the standard unmodified, unstretched 
and unelongated Plexiglas L material is the same for 
both horizontal and vertical directions. 20 

Curve 42 illustrates the screen gain in the hori- 
zontal direction for the stretched material illustrated 
in FIG. 3. Note that the maximum gain on the screen 
axis is about 3.8, and the half gain angle, that is, half 
of the maximum gain, occurs at a viewing angle of 25 
about 30°. Further, it can be noted from the compar- 
ison of curves 40 and 42 that the horizontal gain of the 
elongated material is considerably greater throughout 
its broad horizontal viewing angle than is the gain of 
the unmodified material. ' 30 

Curve 44 of FIG. 4 shows the screen gain of the 
stretched material of FIG. 3 along the vertical axis. 
Again, a maximum screen gain is nearly 3.8. From on 
axis to a viewing angle of slightly more than 10°, 
screen gain of the stretched material in the vertical di- 35 
rection, as shown by curve 44, is considerably greater 
than the screen gain of the unmodified material, as 
shown by curve 40. This increased gain along the 
vertical axis within the relatively narrow vertical view- 
ing angle (about ±10°) is shown by the hatched area 40 
between curves 40 and 44, above curve 40 and be- 
low curve 44. At vertical viewing angles greater than 
about 10° screen gain for the stretched material is 
less than screen gain for the standard material. The 
vertical half gain angle is 1 5°. However, as previously 45 
mentioned, vertical viewing angles greater than about 
1 5° almost never occur, and thus lack of gain at such 
larger vertical angles causes no loss in luminance to 
the viewer's eye. However, the decreased screen 
gain at the larger vertical viewing angles illustrates so 
the fact that the diffusing screen does not create any 
light, but rather re-directs the light so that effectively 
light that otherwise would be dispersed at larger vert- 
ical angles by the unmodified diffuser material is now 
concentrated in a narrower vertical angle. This ere- 55 
ates a higher luminescence in the smaller vertical an- 
gle. Note that increased luminescence (increased 
screen gain) is provided over relatively wide horizon- 



tal viewing angles, curve 42, as compared to horizon- 
tal angle screen gain of the standard material, curve 
40. 

It will be readily understood that many different 
types of stretching fixtures may be employed to 
stretch the standard material. Illustrated in FIG. 5 is 
one such fixture. It includes a rectangular frame hav- 
ing top and bottom horizontal posts 50,52 fixedly in- 
terconnected by vertical standards 54,56 which are 
mounted on wheel supports 58,60. An intermediate 
horizontal bar 64 is slidably mounted for vertical mo- 
tion on vertical slide posts 66,68 which extend be- 
tween the upper and lower horizontal bars 50,52 ad- 
jacent the vertical posts 54,56. Posts 66,68 are 
mounted in slots to provide small amounts of horizon- 
tal motion. A pair of vertical jack screws 69,70 are 
journaled in the lower bar 52 and in upper fixtures 
72,74. A chain 73, driven by a motor 75 and a coupling 
chain 76, rotates the screws in unison to drive inter- 
mediate horizontal bar 64 upwardly or downwardly 
along the slide posts 66,68. A plurality of lower 
clamps, such as clamps 80,82, are mounted on the 
movable intermediate bar 64, and a plurality of upper 
clamps, such as clamps 84,86, are mounted on the 
upper bar 50. The lower and upper clamps 80 - 86 are 
mounted for a small amount of horizontal motion to; 
accommodate narrowing of the sheet, which may be ; 
allowed to occur as the sheet is vertically stretched. : 

A plurality of side clamps such as those indicatedv 
at 90,92 are mounted for vertical slidable motion on 
slide posts 68, and similar clamps 94,96 are mounted 
for slidable motion on post 66. Each side clamp, all of 
which may be identical to one another, may include a 
clamp body 100 having a slot 102 that slidably re- 
ceives the vertical post. A pair of relatively movable 
clamp fingers 104,106 are fixed to the clamp body 
and adjusted by a screw 108 to clamp a portion of a 
diffuser sheet therebetween. 

Upper and lower clamps, which may be identical 
to one another, each includes a top section 110, and 
a pair of vertically directed flanges 112,114 that slid- 
ably circumscribe horizontal bar 50. Relatively mov- 
able clamping fingers 116,118 fixed to flanges 
112,114 are adjusted relative to one another by a 
clamp screw 120 to firmly grasp a portion of a diffuser 
sheet therebetween. In an exemplary embodiment, 
the fixture shown in FIG. 5 has a length from side to 
side of about 11 feet, and a total height of about 7 1/2 
feet 

In use of the fixture a commercially available 
sheet of Plexiglas L, having a horizontal dimension of 
1 0 feet for example and a vertical dimension of 3 1/2 
feet, is mounted to the fixture with its long edges 
clamped to upper and lower bars 50 and 64 and its 
shorter vertical edges clamped in clamps 90,92,94 
and 96. Initially tower bar 64 is in an upper position, 
as shown in dotted lines in FIG. 5. The sheet is posi- 
tioned flat, but not stretched, and clamped between 
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its upper and lower edges and its side edges, and the 
entire fixture is wheeled into an oven and heated to 
approximately 320°F. While it is at such temperature 
it is stretched by operating the screws 69,70 to drive 
the lower bar 64 downwardly. The bar is driven down- 5 
wardly in an even manner, maintaining its horizontal 
position at alt times. The clamps 90,92,94,96 on the 
vertical bars slide downwardly along the vertical 
posts 66,68 as the material is stretched, and, in ad- 
dition, move inwardly by a small amount by means of 10 
the small horizontal motion of the vertical posts, be- 
cause the material may decrease in width as it is 
stretched. 

The clamps 80,82,84 and 86 on the upper and 
lower horizontal bars 50,64 also move horizontally as is 
the material is stretched by sliding horizontally by rel- 
atively small amounts along the horizontal bars 
50,64. The resulting sheet is stretched to attain di- 
mensions of about T x 9', providing a nearly two to 
one vertical stretch. The amount of horizontal narrow- 20 
ing which may increase density of diffusion particles 
in the horizontal direction is very small and does not 
significantly affect dispersion pattern. Even this 
small amount of narrowing may be eliminated, if de- 
sired, by restraining inward motion of posts 66,66. 25 
The resulting elongated sheet will thus provide mate- 1 > 
rial sufficient to build either a 4.5' x 6*. or a;6'x 8' front 
• or rear projection screen. The side dampsare-provid- 
. ed to maintain some degree of uniformity of direction . 
: of the vertical edges as the material is stretched. The 30 
stretching force employed during the stretching is rel- . 
atively moderate because of the softened heated 
state of the material. However, after the stretching 
has been completed the material is removed from the 
oven with all clamps and clamping bars remaining in 35 
the same position. As the material cools, the holding 
forces become significantly greater, with the sheet 
being under tension until it is fully cooled and set in 
its stretched elongate condition. When cooled, the 
sheet permanently retains its stretched elongated 40 
condition. 

As the sheet stretches in the vertical direction the 
diffusing particles are spaced further and further 
apart and their vertical density decreases, as previ- 
ously described. In the course of the described 45 
stretching of the Plexiglas L material it is found that 
the microsphere diffuser particles, which in the stan- 
dard unmodified material are basically spherical, are 
actually deformed into an elliptical shape, being elon- 
gated along the stretch or vertical axis. 50 

If a curved screen is desired, the stretched and 
curved sheet may be placed in a mold that will retain 
the stretched condition of the sheet, and then heated, 
shaped to a desired curvature, and then cooled to a 
permanently stretched and curved condition. 55 

The described diffuser, as previously mentioned, 
may be used in either a rear projection or a front pro- 
jection screen. For a rear projection screen a material 



thickness prior to stretching of about 3 millimeters is 
employed. For a front projection screen, light goes 
through the diffuser twice because the diffuser is 
provided with a reflective back surface. Therefore, for 
use of principles of the present invention in a front 
projection screen, particle density of the material in 
its standard form and material thickness need be only 
one half of that which is employed to obtain the same 
performance in a rear projection screen. Front projec- 
tion screens may employ an aluminized CAP material 
on the back and a transparent acrylic 3/8 inch thick 
panel with a hard coated surface on the front Rear 
projection screens may utilize one or more transpar- 
ent layers of diffuser sheets to provide various fields 
of view. Material thickness and fill percentage of the 
diffuser particles may be varied to provide optimum 
results. A typical material particle fill percentage is 
between about 20% and 30%. A Plexiglas L material 
having an initial thickness of 0.060 inches is used, 
and, after stretching has a thickness of 0.030 inches. 

Many standard diffuser screens employ a sur- 
face coating of beaded plastic or other diffusion par- 
ticles, particularly for those screens employed as 
front projection screens. It is contemplated that such 
beaded front projection screens, initially having a 
substantially uniform isotropic density of hemisphere : . : 
cal diffusion particles, also be modified to provide an, , 
elliptical diffusion pattern, as described, above. iThe >y 
material with its beaded surface is stretched in; the 
manner described above in connection, with the Plex- 
iglas L material, and thus the beaded plastic particles 
on the surface of the screen, after elongation of the 
screen substrate, have an elongated semi-elliptical 
shape and a greater density in the horizontal direction 
than in the vertical direction. 

The described elliptical diffusion pattern sheets 
may be employed for back lighting of a liquid crystal 
display panel. Thus, as shown in FIG. 8, a liquid crys- 
tal display panel 200 is to be illuminated by a rear 
lighting source having a diffuse illumination. The illu- 
mination source is formed of any suitable type of 
lamps, such as lamps 202,204, which are mounted in 
reflectors 206,208 at a short distance immediately to 
the rear of the liquid crystal display 200. Instead of 
employing a standard diffuser to provide Lambertian 
distribution, an elliptical diffuser sheet of the type de- 
scribed above in connection with FIGS. 1 - 7 may be 
employed and positioned, as shown at sheet 210 in 
FIG. 8. Use of the elliptical diffuser sheet 21 0 in this 
case with the more limited diffusion angle will handle 
the light from the lamps 202,204, which may be ordi- 
nary fluorescent tubes. Light from the lamps is re- 
flected from the reflectors to be concentrated in a 
smaller vertical viewing angle by elliptical diffuser 
sheet 210. Thus, a considerably smaller amount of 
the light is wasted. In other words, less light is trans- 
mitted through the liquid crystal module at angles be- 
yond the viewing angle of the person watching the liq- 
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uid crystal panel. A viewer in front of the display will 
effectively look directly through the liquid crystal pan- 
el to the diffuse light source behind it. A greatly in- 
creased apparent brightness or illumination is afford- 
ed the viewer because of the now decreased vertical 
viewing angle. 

In some front projection screens, screen height, 
e.g. dimensions of the screen in the vertical direction, 
are desired to be greater than about 1 0 feet, which is 
twice the maximum width of available Plexiglas L ma- 
terial. According to the present invention, starting with 
a sheet that is 5 feet high (wide) and stretching it to 
about twice its height will yield a diffusing sheet with 
the desired elliptical diffusion pattern of 10 feet in 
height. To obtain a 20 foot high screen with the descri- 
bed improved narrowed vertical field of view one 
would simply join two such stretched vertically elon- 
gated sheets together. The elliptical diffuse r descri- 
bed herein is a bulk material in which performance is 
based on the percentage of modifier (particles) add- 
ed to the Plexiglass material, and also on the thick- 
ness of the material. Therefore it is important to con- 
trol sheet thickness at the joint. 

To obtain a large screen, such as a 20 foot screen, 
it is possible to join two stretched sheets of material 
together to obtain acceptable visual performance with 
a joint that is substantially invisible. A first manner of 
joining two such stretched elliptical diff user, sheets 
'with a nearly invisible joint is illustrated in FIGS. 9a 
and 9b. These figures show a first stretched elliptical 
diff user section 220 and second stretched elliptical 
diffuser section 222, each of which has adjoining 
edges cut at a diagonal, as indicated at edges 224 and 
226. The two pieces are abutted along their slanted 
edges and bonded to one another with a solvent ad- 
hesive. In so joining these sheets it is important to 
maintain precision of the effective thickness of the 
bonded joint in order to ensure optimum performance 
of the elliptical diffusion. 

FIGS. 10a and 10b illustrate an alternate ar- 
rangement of effectively combining a diagonal joint 
with a half lapped joint in which a first stretched ellipt- 
ical diffuser sheet section 230 is joined to a second 
sheet section 232, with the two sheets having over- 
lapping rebated end portions 234,236, with diagonally 
cut edges 238,240 and 242,244. The two rebated end 
portions are lapped and thermo-pressure bonded, as 
shown in FIG. 10b. This type of joint results in less dis- 
tortion of the asymmetrical bulk density characteris- 
tics of the diffuser with its embedded and stretched 
elliptical particles. 



Claims 

1 . Ad if f user comprising : 

a transparent substrate having first and 
second mutually angulated axes defining first 



and second directions, and 

a plurality of diffuser particles carried by 
said substrate, said particles being elongated in 
said second direction. 

5 

2. The diffuser of Claim 1 wherein said particles 
have a first substantially uniform density in said 
first direction, and a second substantially uniform 
density in said second direction, and wherein 

w said first density is greater than said second den- 
sity. 

3. The diffuser of Claim 2 wherein said particles are 
substantially elliptical. 



15 
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The diffuser of Claim 1 wherein said particles are 
mutually spaced from each other in said second 
direction by distances that are substantially twice 
the distances between particles in said first direc- 
tion. 



\30i] 
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5. The diffuser of Claim 1 wherein said particles are 
spaced further apart in a vertical direction than in 
a horizontal direction, whereby light is vertically 
25 diffused by said diffuser in a relatively small an- 
5r gle and is horizontally diff used by said ( -d iff user in- 
. , a relatively large angle. ..... ,>^> ? . . , 

•'.V : .*V->' .y;v ' ■<■:'* «»4r ■ " r ■ . ''.^'feeiCv-v 

'-i - f t >?.>6.;v ;The diffuser of Claim 1 wherein -said.su bst rate is. 
; elongated in said second direction. ": 

The diffuser of Claim 1 wherein said particles are 
elongated microspheres embedded in said sub- 
strate. 

8. The diffuser of Claim 1 wherein said particles are 
plastic beads affixed to the surface of said sub- 
strate. 

40 9. The diffuser of Claim 1 wherein said substrate 
comprises a plastic sheet stretched in said sec- 
ond direction. 

10. The diffuser of Claim 1 wherein said substrate 
45 comprises a sheet of Plexiglas L having embed- 
ded microspheres, said sheet and microspheres 
being elongated in a second direction. 

11. A method of forming a diffuser having a control- 
so led asymmetry of diffusion comprising the steps 

of: 

providing a substrate having a plurality of 
diffusion particles substantially uniformly dis- 
persed over its area, and 
55 stretching said particles in a first direction, 

thereby elongating said particles in said first di- 
rection. 
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12. The method of Claim 11 wherein said step of 
stretching includes stretching said substrate in 
said first direction. 

13. The method of Claim 11 wherein said substrate s 
is a plastic sheet and wherein said step of stretch- 
ing comprises heating said plastic sheet elongat- 
ing the plastic sheet and at least some of said par- 
ticles in said first direction while it is heated, and 
cooling said plastic sheet and particles while 10 
maintaining their elongation. 

14. The method of Claim 11 wherein said step of pro- 
viding a substrate comprises forming a plastic 
matrix with a plurality of evenly distributed micro- 15 
spheres therein. 



23. The diffuser of Claim 22 wherein said step of 
clamping comprises grasping said sheet at first 
and second edges to exert tension on said sheet 
while said bars are moved away from each other 
and while said sheet is cooling, and grasping said 
sheet at third and fourth edges while said bars 
are moved away from each other. 

24. A diffuser comprising: 

a sheet of transparent material, 
a plurality of diffuser particles carried by 
said sheet, said particles being elongated in a 
first direction and spaced from one another by 
relatively larger distances in said first direction 
and by relatively smaller distances in a second di- 
rection. 



15. The method of Claim 11 wherein said step of pro- 
viding a substrate comprises forming a substrate 
having a plurality of beads distributed uniformly 
over and secured to its surface. 

16. The method of Claim 13 including the step of 
curving said sheet to impart a surface curvature 
thereto. 

17. The method of Claim 13 including forming a ta- 
pered edge on said substrate and bonding said 

/ edge to a mating tapered edge of a similar diffus- 
er to provide a diffuser of increased dimension. 

18. A diffuser made by the method of Claim 11. 

19. A diffuser made by the method of Claim 12. 

20. A diffuser made by the method of Claim 13. 



25. The diffuser of Claim 24 wherein said particles 
are embedded within said sheet of transparent 

20 material. 

26. The diffuser of Claim 24 wherein said particles 
are bonded to a surface of said sheet of transpar- 
ent material. 

25 

, 27. The diffuser of Claim 25 wherein said sheet is 
stretched in said .first direction. 

4 28. The diffuser ofiClaim;24 wherein said sheet of 
30 transparent material comprises first and second 
sections having adjoining edges extending in 
said first direction that are cut at an angle and 
bonded to one another. 

35 



21. A diffuser screen made by the steps of: 

providing a sheet of plastic having diffus- 
ing particles embedded therein and uniformly 40 
dispersed through said sheet, and 

stretching said sheet in a first direction to 
increase distances between adjacent particles in 
said one direction without substantially changing 
distances between said particles in a second di- 45 
rection transverse to said first direction, and to 
elongate said particles in said first direction. 

22. The diffuser screen of Claim 21 wherein said 
step of stretching comprises clamping said sheet so 
between first and second mutually spaced bars, 
heating said sheet and particles, moving said 
bars away from each other to stretch said partic- 
les and sheet while heated, and cooling said par- 
ticles and sheet while they remain stretched to 55 
thereby set said particles and sheet in stretched 
condition. 
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(g) Elliptical diffuser. 

(5?) A display screen of a projection system em- 
bodying a cathode ray tube, liquid crystal light 
valve, laser or the like is formed of a plastic 
sheet (22,22a) that has embedded therein a 
number of microsphere diffuser particles 
(24,24a) initially having a spherical shape and 
distributed in a uniformly isotropic density. The 
plastic sheet and its embedded particles are 
heated and stretched in a single direction and 
allowed to cool in their elongated form so that 
the diffuser particles (24a) then have an elon- 
gated elliptical shape and a density that is 
greater along one axis than it is along an ortho- 
gonal axis. The particle elongation and dec- 
reased density in the direction of stretch cause 
the diffusing sheet to have a diffusion cone 
angle (44), as measured in a plane containing 
the axis of stretch, that is significantly dec- 
reased, but with increased screen gain, whereas 
the diffusion angle (42) in the orthogonal un- 
stretched direction remains relatively large, and 
also has an increased screen gain. The dec- 
reased diffusion angle is oriented in a vertical 
direction in a common display because the 
viewer's eye, in looking at a display screen, is 
most commonly positioned within a relatively 
small vertical cone angle, although the horizon- 
tal angle of view may be considerably larger. 



L 



r 



0 0 

0 1 




■G 0 0 0 0 0 
■0 0 0 0 0 0 



0 0 0 0 0 0 
0 0 0 0 0 0 



0. 
UJ 



Jouve. 18, rue Saint-Denis. 75001 PARIS 



1 



EP 0 627 638 A1 



2 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to improved diff us- 
er material, and more particularly concerns high effi- 
ciency diff user material that can be applied to optical 
systems requiring controlled diffusion. 

2. Description of Related Art 

The function of the projection screen of an optical 
projection display system is to present a visible dis- 
play of imaging light that it receives, regardless of 
whether the light is produced by a cathode ray tube, 
a liquid crystal light valve, a laser, or other image 
source. The screen forms a visible image by diffusing 
and re-radiating light energy incident on the screen 
surface. The front projection screen includes a diffu- 
sion sheet comprising diffusion particles and a reflec- 
tive rear face so that light striking the front of the 
screen is reflected and passes through the diffusing 
particles twice. The rear projection screen also in- 
cludes a diffusion sheet carrying diffusion particles 
but receives light striking the rear of the screen, pass- 
es it through its diffusion particles only once, and 
* ^ > transmits diffused light from its front face. 

: Whether used in a front projection or rear projec- 
> - ^ r J 'r tion configuration, the screen has a major impact on < 
image quality and viewability, which may be defined 
as the zone in which the image is of acceptable lumi- 
nance. A high screen gain enhances viewability. 
Screen gain is the comparison of (a) the luminance of 
a projected image at various viewing angles, with (b) 
the luminance produced by a perfectly diffusing sur- 
face (e.g. a Lambertian surface). The ideal diffuser 
has a gain of unity, and produces the same luminance 
at all viewing angles, that is, it is non-directional. A 
Lambertian diffuser has the same luminance screen 
in all directions, which falls off as the cosine of view- 
ing angle. 

Projection systems employing such viewing 
screens are often made with highly directional 
screens to increase screen gain so as to produce suf- 
ficient luminance. However, because the screen itself 
cannot generate light, any increase in luminance at a 
particular viewing angle causes a decrease in lumi- 
nance at other viewing angles. Nevertheless, be- 
cause many systems are normally viewed only at a 
small viewing angle, or because a high gain small 
viewing angle is deemed to be worth a decreased il- 
lumination at large viewing angles, shaping of screen 
diffusion patterns may be desirable. 

To provide a diffusing screen with increased 
screen gain the diffused light pattern has been shap- 
ed to change it from its normally circular format to an 
elliptical pattern. However, prior beam shaping mate- 
rials and techniques are difficult and expensive to 



manufacture and use. For example, holographic dif- 
fuses have been employed having controllable mi- 
cro-variations in refractive index of a volume holo- 
gram to achieve adjusted refractive index variations 

5 and selected scattering patterns. These holographic 
devices are limited in size. 

Some front projection screens have been con- 
structed utilizing mathematically designed micro-mir- 
ror contoured reflecting surfaces to catch and return 

10 projected light directionally in a precisely focused 
manner. Again, these arrangements are difficult to 
manufacture and exceedingly expensive. 

Accordingly, it is an object of the present inven- 
tion to provide a screen having improved controlled 

15 diffusion characteristics while avoiding or minimizing 
above mentioned problems. 

SUMMARY OF THE INVENTION 

20 In carrying out principles of the present invention 

in accordance with a preferred embodiment thereof, 
a diffuser is formed of a transparent substrate that 
carries a plurality of diffuser particles either embed- 
ded in the substrate or applied to the surface. The dif- 

25 fuser particles are elliptical in shape and have a first 
substantially uniform density and alignment in a first 
direction and a second substantially uniform but 
smaller density in a second angu la ted direction. Ac- 
cording to a feature of the=invention, a diff user having 

30 a controlled asymmetry of diff usion is formed by pro- 
viding a substrate having a plurality of diffusion par- 
ticles which, in an initial condition of the substrate, are 
substantially spherical and uniformly dispersed 
throughout, stretching the substrate in a first direction 

35 to elongate the spheres into an elliptical shape with a 
controlled alignment and to increase distances be- 
tween the particles in the first direction, and fixing the 
substrate in its stretched condition. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

FIG. 1 is a much simplified side elevational view 

of part of a projection system, illustrating vertical 

45 viewing angles; 

FIG. 2 is a schematic illustration of a sheet ma- 
terial, prior to processing, having spherical diffus- 
ing particles uniformly and isotropically distribut- 
ed over its surface; 

so FIG. 3 illustrates the material of FIG. 2 after it has 
been processed to change the shape and the uni- 
form isotropic distribution of its diffusing partic- 
les; 

FIG. 4 comprises a group of graphs illustrating 
55 variation of screen gain with viewing angle; 

FIG. 5 is a simplified pictorial illustration of one 
apparatus for stretching a sheet of diffusing ma- 
terial; 
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FIG. 6 and 7 are detailed illustrations of exem- 
plary clamps that may be employed with the ap- 
paratus of FIG. 5; 

FIG. 8 is a simplified schematic illustration of a 
flat panel display utilizing an elliptical diffuser of 5 
the present invention as part of a rear light 
source; 

FIGS. 9a and 9b illustrate one method of joining 
two stretched elliptical diffuser panel sheets; 
and w 
FIGS. 10a and 10b illustrate a second method of 
joining two stretched elliptical diffuser panel 
sheets. 

DESCRIPTION OF THE PREFERRED 15 
EMBODIMENTS 

FIG. 1 is a very much simplified illustration of 
parts of a projection system including an image pro- 
jector having a projection lens, generally indicated at 20 
10, which projects an image upon a rear projection 
screen, indicated at 12. Although a rear projection 
screen is employed, it will be readily understood, as 
the description proceeds, that principles of the pres- 
ent invention are equally applicable to both rear and 25 
front projection screen configurations. The projection 
screen 12, in previously known configurations, is 
treated in anyj one of fa: number of standard techni- 
ques, as for example by^applying a coating of diffu- 
sion particles such as glass or plastic beads on one 30 
surface thereof. This provides a uniform isotropic dif- 
fusion of light of the image that is produced by the pro- 
jector on the rear of the screen. The screen produces 
a circular diffusion pattern of light radiating from its 
frontface 13. Formany types of diffusing screensthe 35 
light is widely dispersed in a vertical cone angle , as 
indicated by dotted lines 14 for example, and in a sim- 
ilar horizontal cone angle (not shown in FIG. 1). Thus 
a person, indicated by eye 16, anywhere within the 
horizontal or vertical cone angle will be able to view 40 
the image on the screen. As the position of the view- 
ing eye approaches the limit of the cone angle, the lu- 
minescence of the screen decreases and, at extreme 
angles, the image viewed may be very dim. 

In normal viewing circumstances, viewing posi- 45 
tion may vary widely from side to side, that is, in a hor- 
izontal direction, and thus a relatively wide horizontal 
viewing angle is desired. However, in many projection 
systems, it is seldom, if ever, that a viewer would be 
positioned in a vertical direction on or beyond the so 
boundaries of the much smaller vertical cone angle 
0 2t indicated by dotted lines 1 8. In fact, a vertical view- 
ing angle of as little as 10° to 15° or less is adequate 
in many applications. For a circular diffusion pattern 
having relatively large vertical cone angle, then, much 55 
of the light transmitted by the screen is transmitted 
either above or below the eye of the user and is ef- 
fectively useless. For this reason, complex diffusion 



pattern controlling arrangements, such as holograph- 
ic devices, arrays of micro-mirrors and the like, have 
been used to provide an elliptical diffusion pattern, 
that is, a diffusion pattern having a relatively wide 
cone angle in a horizontal direction and a relatively 
narrow cone angle in a vertical direction. 

According to one aspect of the present invention 
a controlled, primarily elliptical diffusion pattern Is in- 
expensively and easily provided in a diffusing screen 
by causing the diffusing particles to have an elongat- 
ed shape and be distributed through the screen with 
different densities in tow mutually orthogonal direc- 
tions. In accordance with one embodiment of the in- 
vention, a transparent polymeric light diffuser mate- 
rial, such as the sheet 20 illustrated in FIG. 2, includes 
a thin acrylic polymer matrix 22 containing a plurality 
of acrylic diffuser particles 24. One such material is 
a diffusion material sold under the trademark Plexi- 
glas L by Rohm and Haas Company of Bristol, Penn- 
sylvania. The material is basically formed as a sus- 
pension or emulsion of seven micron particles, e.g. 
microspheres, in a Plexiglas acrylic matrix and is 
available in varying thicknesses, including 0.5 milli- 
meters thickness and 3 millimeters thickness. The 
embedded particles have a generally spherical con- 
figuration. A thickness of 3 millimeters is preferred for 
the practice of the present invention. The commercial- - 
ly available diffuser material illustrated in FIG. 2 is 
modified according to principles of the present invent 
tion to provide a matrix 22a that is elongated (stretch- 
ed) in a vertical direction, as is illustrated by the 
stretch axis 30 in FIG. 3. Particles 24a of the stretch- 
ed material 22a still have substantially the same hor- 
izontal particle spacing has the spacing of the original 
material in its natural state, as shown in FIG. 2. How- 
ever, the vertical spacing d, which is shown in FIG. 2 
and which, in the natural state material, is equal to the 
horizontal spacing, now has been increased to the 
distance d A in the uniformly vertically elongated ma- 
terial of FIG. 3. Distance dj is substantially equal to 
2d. This stretching process reduces the sheet thick- 
ness to about one half the original thickness and elon- 
gates the spherical particles to an elliptical shape as 
shown in FIG. 3. The stretched elliptically shaped par- 
ticles act as an anamorphous lens. 

To stretch the material it is clamped in a fixture, 
when it is in the configuration illustrated in FIG. 2, 
placed in an oven and heated to about 320° F. While 
heated, the material is stretched in the vertical direc- 
tion to effectively double its vertical length and elon- 
gate the embedded particles. The elongated material, 
still under tension, and still clamped and stretched, is 
removed from the oven and allowed to cool. When 
cool the material sets and retains its stretched elon- 
gated shape in which the diffusion particles 24a re- 
main in the dispersion pattern and particle shape il- 
lustrated in FIG. 3 and described above. This is a pat- 
tern having a considerably lower particle density in a 
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vertical direction than in the horizontal direction, and 
wherein the embedded particles are vertically elon- 
gated. 

Illustrated in FIG. 4 are graphs illustrating screen 
gain as plotted against viewing angle. The diffusion 5 
pattern of the standard material (before stretching) of 
FIG. 4 is a circular cone, with the same diffusion in 
horizontal and vertical axis. Processes of the present 
invention modify only this diffusion pattern. Curve 40 
illustrates the screen gain of a diffuser screen em- 10 
ploying unmodified and unstretched Plexiglas L dif- 
fuser material. This is the commercially available ma- 
terial of FIG. 2. Curve 40 shows the screen to have a 
maximum gain of +3 on the screen axis (e.g. at 0° 
viewing angle) and a half angle of 25°, that is, a gain 15 
of half the maximum at a viewing angle of 25°, relative 
to the screen axis. The screen gain, as shown by 
curve 40, for the standard unmodified, unstretched 
and unelongated Plexiglas L material is the same for 
both horizontal and vertical directions. 20 

Curve 42 illustrates the screen gain in the hori- 
zontal direction for the stretched material illustrated 
in FIG. 3. Note that the maximum gain on the screen 
axis is about 3.8, and the half gain angle, that is, half 
of the maximum gain, occurs at a viewing angle of 25 
about 30°. Further, it can be noted from the compar- 
ison of curves 40 and 42 that the horizontal gain of the 
elongated material is considerably greater throughout 
its broad horizontal viewing angle than is the gain of 
the unmodified material. 30 

Curve 44 of FIG. 4 shows the screen gain of the 
stretched material of FIG. 3 along the vertical axis. 
Again, a maximum screen gain is nearly 3.8. From on 
axis to a viewing angle of slightly more than 10°, 
screen gain of the stretched material in the vertical di- 35 
rection, as shown by curve 44, is considerably greater 
than the screen gain of the unmodified material, as 
shown by curve 40. This increased gain along the 
vertical axis within the relatively narrow vertical view- 
ing angle (about ±10°) is shown by the hatched area 40 
between curves 40 and 44, above curve 40 and be- 
low curve 44. At vertical viewing angles greater than 
about 10° screen gain for the stretched material is 
less than screen gain for the standard material. The 
vertical half gain angle is 1 5°. However, as previously 45 
mentioned, vertical viewing angles greater than about 
1 5° almost never occur, and thus lack of gain at such 
larger vertical angles causes no loss in luminance to 
the viewer's eye. However, the decreased screen 
gain at the larger vertical viewing angles illustrates so 
the fact that the diffusing screen does not create any 
light, but rather re-directs the light so that effectively 
light that otherwise would be dispersed at larger vert- 
ical angles by the unmodified diffuser material is now 
concentrated in a narrower vertical angle. This ere- 55 
ates a higher luminescence in the smaller vertical an- 
gle. Note that increased luminescence (increased 
screen gain) is provided over relatively wide horizon- 



tal viewing angles, curve 42, as compared to horizon- 
tal angle screen gain of the standard material, curve 
40. 

It will be readily understood that many different 
types of stretching fixtures may be employed to 
stretch the standard material. Illustrated in FIG. 5 is 
one such fixture. It includes a rectangular frame hav- 
ing top and bottom horizontal posts 50,52 fixedly in- 
terconnected by vertical standards 54,56 which are 
mounted on wheel supports 58,60. An intermediate 
horizontal bar 64 is slidably mounted for vertical mo- 
tion on vertical slide posts 66,68 which extend be- 
tween the upper and lower horizontal bars 50,52 ad- 
jacent the vertical posts 54,56. Posts 66,68 are 
mounted in slots to provide small amounts of horizon- 
tal motion. A pair of vertical jack screws 69,70 are 
journaled in the lower bar 52 and in upper fixtures 
72,74. A chain 73, driven by a motor 75 and a coupling 
chain 76, rotates the screws in unison to drive inter- 
mediate horizontal bar 64 upwardly or downwardly 
along the slide posts 66,68. A plurality of lower 
clamps, such as clamps 80,82, are mounted on the 
movable intermediate bar 64, and a plurality of upper 
clamps, such as clamps 84,86, are mounted on the 
upper bar 50. The lower and upper clamps 80 - 86 are 
mounted for a small amount of horizontal motion to - 
accommodate narrowing of the sheet,, which may^be 
. allowed to occur as the sheet is vertically stretched 
' ' Apluralityof side clamps such as those indicatsd 
at 90,92 are mounted for vertical si id able motion on 
slide posts 68, and similar clamps 94,96 are mounted 
for slidable motion on post 66. Each side clamp, all of 
which may be identical to one another, may include a 
clamp body 100 having a slot 102 that slidably re- 
ceives the vertical post. A pair of relatively movable 
clamp fingers 104,106 are fixed to the clamp body 
and adjusted by a screw 108 to clamp a portion of a 
diffuser sheet therebetween. 

Upper and lower clamps, which may be identical 
to one another, each includes a top section 110, and 
a pair of vertically directed flanges 112,114 that slid- 
ably circumscribe horizontal bar 50. Relatively mov- 
able clamping fingers 116,118 fixed to flanges 
112,114 are adjusted relative to one another by a 
clamp screw 1 20 to firmly grasp a portion of a diffuser 
sheet therebetween. In an exemplary embodiment, 
the fixture shown in FIG. 5 has a length from side to 
side of about 11 feet, and a total height of about 7 1/2 
feet 

In use of the fixture a commercially available 
sheet of Plexiglas L, having a horizontal dimension of 
10 feet for example and a vertical dimension of 3 1/2 
feet, is mounted to the fixture with its long edges 
clamped to upper and lower bars 50 and 64 and its 
shorter vertical edges clamped in clamps 90,92,94 
and 96. Initially lower bar 64 is in an upper position, 
as shown in dotted lines in FIG. 5. The sheet is posi- 
tioned flat, but not stretched, and clamped between 
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its upper and lower edges and its side edges, and the 
entire fixture is wheeled into an oven and heated to 
approximately 320°F. While it is at such temperature 
it is stretched by operating the screws 69,70 to drive 
the lower bar 64 downwardly. The bar is driven down- 
wardly in an even manner, maintaining its horizontal 
position at all times. The clamps 90,92,94,96 on the 
vertical bars slide downwardly along the vertical 
posts 66,68 as the material Is stretched, and, in ad- 
dition, move inwardly by a small amount by means of 
the small horizontal motion of the vertical posts, be- 
cause the material may decrease in width as it is 
stretched. 

The clamps 80,82,84 and 86 on the upper and 
lower horizontal bars 50,64 also move horizontally as 
the material is stretched by sliding horizontally by rel- 
atively small amounts along the horizontal bars 
50,64. The resulting sheet is stretched to attain di- 
mensions of about T x 9', providing a nearly two to 
one vertical stretch. The amount of horizontal narrow- 
ing which may increase density of diffusion particles 
in the horizontal direction is very small and does not 
significantly affect dispersion pattern. Even this 
small amount of narrowing may be eliminated, if de- 
sired, by restraining inward motion of posts 66,68. 
The resulting elongated sheet will thus provide mate- 
rial sufficient to build either a 4.5' x 6' or a 6' x 8* front 
or rear projection screen- The side clampskre provid- 
ed to maintain some degree of uniformity of direction 
of the vertical edges as the material is stretched. The 
stretching force employed during the stretching is rel- 
atively moderate because of the softened heated 
state of the material. However, after the stretching 
has been completed the material is removed from the 
oven with all clamps and clamping bars remaining in 
the same position. As the material cools, the holding 
forces become significantly greater, with the sheet 
being under tension until it is fully cooled and set in 
its stretched elongate condition. When cooled, the 
sheet permanently retains its stretched elongated 
condition. 

As the sheet stretches in the vertical direction the 
diffusing particles are spaced further and further 
apart and their vertical density decreases, as previ- 
ously described. In the course of the described 
stretching of the Plexiglas L material it is found that 
the microsphere diff user particles, which in the stan- 
dard unmodified material are basically spherical, are 
actually deformed into an elliptical shape, being elon- 
gated along the stretch or vertical axis. 

If a curved screen is desired, the stretched and 
curved sheet may be placed in a mold that will retain 
the stretched condition of the sheet, and then heated, 
shaped to a desired curvature, and then cooled to a 
permanently stretched and curved condition. 

The described diffuser, as previously mentioned, 
may be used in either a rear projection or a front pro- 
jection screen. For a rear projection screen a material 



thickness prior to stretching of about 3 millimeters is 

employed. For a front projection screen, light goes 

through the diffuser twice because the diffuser is 

provided with a reflective back surface. Therefore, for 
5 use of principles of the present invention in a front 

projection screen, particle density of the material in 

its standard form and material thickness need be only 

one half of that which is employed to obtain the same 

performance in a rear projection screen. Front projec- 
w tion screens may employ an aluminized CAP material 

on the back and a transparent acrylic 3/8 inch thick 

panel with a hard coated surface on the front Rear 

projection screens may utilize one or more transpar- 
ent layers of diffuser sheets to provide various fields 
15 of view. Material thickness and fill percentage of the 

diffuser particles may be varied to provide optimum 

results. A typical material particle fill percentage is 

between about 20% and 30%. A Plexiglas L material 

having an initial thickness of 0.060 inches is used, 
20 and, after stretching has a thickness of 0.030 inches. 
Many standard diffuser screens employ a sur- 
face coating of beaded plastic or other diff usion par- 
ticles, particularly for those screens employed as 

front projection screens. It is contemplated that such 
25 beaded front projection screens, initially having a 

; substantially uniform isotropic density of hemispheric- x -;;?^.;v. -v*^ ■■■^■w^rt 
. . L>cal diff usion particles, also be modified to provide.an . v (> . . ; , ; u ^ 

^ elliptical/diffusion pattern, as described above. The* ^ '.,.7' -n ,^ ^ 
materiabwith its beaded surface is stretched in the- ■:;> '^\<-^& ■ ^i^^; 

30 manner described above in connection with the Plex- , ? ^ \ - : r- 
iglas L material, and thus the beaded plastic particles ■ " 
on the surface of the screen, after elongation of the 
screen substrate, have an elongated semi-elliptical 
shape and a greater density in the horizontal direction 

35 than in the vertical direction. 

The described elliptical diffusion pattern sheets 
may be employed for back lighting of a liquid crystal 
display panel. Thus, as shown in FIG. 8, a liquid crys- 
tal display panel 200 is to be illuminated by a rear 

40 lighting source having a diffuse illumination. The illu- 
mination source is formed of any suitable type of 
lamps, such as lamps 202,204, which are mounted in 
reflectors 206,208 at a short distance immediately to 
the rear of the liquid crystal display 200. Instead of 

45 employing a standard diffuser to provide Lambertian 
distribution, an elliptical diffuser sheet of the type de- 
scribed above in connection with FIGS. 1-7 may be 
employed and positioned, as shown at sheet 210 in 
FIG. 8. Use of the elliptical diff user sheet 210 in this 

so case with the more limited diffusion angle will handle 
the light from the lamps 202,204, which may be ordi- 
nary fluorescent tubes. Light from the lamps is re- 
flected from the reflectors to be concentrated in a 
smaller vertical viewing angle by elliptical diffuser 

55 sheet 210. Thus, a considerably smaller amount of 
the light is wasted. In other words, less light is trans- 
mitted through the liquid crystal module at angles be- 
yond the viewing angle of the person watching the liq- 
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uid crystal panel. A viewer in front of the display will 
effectively look directly through the liquid crystal pan- 
el to the diffuse light source behind it. A greatly in- 
creased apparent brightness or illumination is afford- 
ed the viewer because of the now decreased vertical 
viewing angle. 

In some front projection screens, screen height, 
e.g. dimensions of the screen in the vertical direction, 
are desired to be greater than about 10 feet, which is 
twice the maximum width of available Plexiglas L ma- 
terial. According to the present invention, starting with 
a sheet that is 5 feet high (wide) and stretching it to 
about twice its height will yield a diffusing sheet with 
the desired elliptical diffusion pattern of 10 feet in 
height. To obtain a 20 foot high screen with the descri- 
bed improved narrowed vertical field of view one 
would simply join two such stretched vertically elon- 
gated sheets together. The elliptical diffuser descri- 
bed herein is a bulk material in which performance is 
based on the percentage of modifier (particles) add- 
ed to the Plexiglass material, and also on the thick- 
ness of the material. Therefore it is important to con- 
trol sheet thickness at the joint 

To obtain a large screen, such as a 20 foot screen, 
it is possible to join two stretched sheets of material 

■ together to obtain acceptable visual performance with 
a joint that is substantially invisible. A first manner of 
joining two such stretched 'elliptical diffuser. sheets 

" with a nearly invisible joint is, illustrated in FIGS. 9a 
and 9b. These figures show a first stretched elliptical 
diffuser section 220 and second stretched elliptical 
diffuser section 222, each of which has adjoining 
edges cut at a diagonal, as indicated at edges 224 and 
226. The two pieces are abutted along their slanted 
edges and bonded to one another with a solvent ad- 
hesive. In so joining these sheets it is important to 
maintain precision of the effective thickness of the 
bonded joint in order to ensure optimum performance 
of the elliptical diffusion. 

FIGS. 10a and 10b illustrate an alternate ar- 
rangement of effectively combining a diagonal joint 
with a half lapped joint in which a first stretched ellipt- 
ical diffuser sheet section 230 is joined to a second 
sheet section 232, with the two sheets having over- 
lapping rebated end portions 234,236, with diagonally 
cut edges 238,240 and 242,244. The two rebated end 
portions are lapped and thermo-pressure bonded, as 
shown in FIG. 1 0b. This type of joint results in less dis- 
tortion of the asymmetrical bulk density characteris- 



1. A diffuser comprising: 

a transparent substrate having first and 
second mutually angulated axes defining first 



and second directions, and 

a plurality of diffuser particles carried by 
said substrate, said particles being elongated in 
said second direction. 

5 

2. The diffuser of Claim 1 wherein said particles 
have a first substantially uniform density in said 
first direction, and a second substantially uniform 
density in said second direction, and wherein 

10 said first density is greater than said second den- 
sity. 

3. The diffuser of Claim 2 wherein said particles are 
substantially elliptical. 

15 . 

4. The diffuser of Claim 1 wherein said particles are 
mutually spaced from each other in said second 
direction by distances that are substantially twice 
the distances between particles in said first direc- 

20 tion. 

5. The diffuser of Claim 1 wherein said particles are 
spaced further apart in a vertical direction than in 
a horizontal direction, whereby light is vertically 
diffused by said diffuser in a relatively small an- 
gle and is horizontally diffused by said diffuser in 
a relatively large angle. ^ 

6. The diffuser of Claim 1 wherein said substrate is t 
elongated in said second direction. 

7. The diffuser of Claim 1 wherein said particles are 
elongated microspheres embedded in said sub- 
strate. 

35 

8. The diffuser of Claim 1 wherein said particles are 
plastic beads affixed to the surface of said sub- 
strate. 

40 9. The diffuser of Claim 1 wherein said substrate 
comprises a plastic sheet stretched in said sec- 
ond direction. 

10. The diffuser of Claim 1 wherein said substrate 
45 comprises a sheet of Plexiglas L having embed- 
ded microspheres, said sheet and microspheres 
being elongated in a second direction. 

11. A method of forming a diffuser having a control- 
led asymmetry of diffusion comprising the steps 
of: 

providing a substrate having a plurality of 
diffusion particles substantially uniformly dis- 
persed over its area, and 

stretching said particles in a first direction, 
thereby elongating said particles in said first di- 
rection. 



tics of the diffuser with its embedded and stretched so 
elliptical particles. 
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12. The method of Claim 11 wherein said step of 
stretching includes stretching said substrate in 
said first direction. 

13. The method of Claim 11 wherein said substrate 5 
is a plastic sheet and wherein said step of stretch- 
ing comprises heating said plastic sheet, elongat- 
ing the plastic sheet and at least some of said par- 
ticles in said first direction while it is heated, and 
cooling said plastic sheet and particles while 10 
maintaining their elongation. 

14. The method of Claim 11 wherein said step of pro- 
viding a substrate comprises forming a plastic 
matrix with a plurality of evenly distributed micro- 15 
spheres therein. 



23. The d iff user of Claim 22 wherein said step of 
clamping comprises grasping said sheet at first 
and second edges to exert tension on said sheet 
while said bars are moved away from each other 
and while said sheet is cooling, and grasping said 
sheet at third and fourth edges while said bars 
are moved away from each other. 

24. A diffuser comprising: 

a sheet of transparent material, 
a plurality of diffuser particles carried by 
said sheet, said particles being elongated in a 
first direction and spaced from one another by 
relatively larger distances in said first direction 
and by relatively smaller distances in a second di- 
rection. 



1 5. The method of Claim 11 wherein said step of pro- 
viding a substrate comprises forming a substrate 
having a plurality of beads distributed uniformly 20 
over and secured to its surface. 

16. The method of Claim 13 including the step of 
curving said sheet to impart a surface curvature 
thereto. 25 

17. The method of Claim 13 including forming a ta- 
*>; ■ i pered edge on said substrate and bonding said 
; V; edgetoamatihgtaperededgeofasimilardiffus- 

er to provide a diffuser of increased dimension. 30 

18. A diffuser made by the method of Claim 11. 

19. A diffuser made by the method of Claim 12. 

35 

20. A diffuser made by the method of Claim 13. 



25. The diffuser of Claim 24 wherein said particles 
are embedded within said sheet of transparent 
material. - 

26. The diffuser of Claim 24 wherein said particles 
are bonded to a surface of said sheet of transpar- 
ent material. 

27. The diffuser of Claim 25 wherein said, sheet is v ^ » 
stretched in said first-direction. „^ 

». 28: The diffuser of 'Claim 24 wherein said, sheet of; ^ 
transparent material comprises first and second 
sections having adjoining edges extending in 
said first direction that are cut at an angle and 
bonded to one another. 



21. A diffuser screen made by the steps of: 

providing a sheet of plastic having diffus- 
ing particles embedded therein and uniformly 40 
dispersed through said sheet, and 

stretching said sheet in a first direction to 
increase distances between adjacent particles in 
said one direction without substantially changing 
distances between said particles in a second di- 45 
rection transverse to said first direction, and to 
elongate said particles in said first direction. 

22. The diffuser screen of Claim 21 wherein said 
step of stretching comprises clamping said sheet so 
between first and second mutually spaced bars, 
heating said sheet and particles, moving said 
bars away from each other to stretch said partic- 
les and sheet while heated, and cooling said par- 
ticles and sheet while they remain stretched to 55 
thereby set said particles and sheet in stretched 
condition. 
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